Introduction
Measurement of biomarkers in plasma is essential when physicians assess the presence of disease, and make treatment decisions (1) . This is of special importance in frail elderly individuals, as the presence of nonspecific signs and symptoms and lack of specific ones are common for example in relation to infection (2). Biomarkers play a crucial role when physicians confirm or refute the presence of disease. However, actual reference values for biomarkers are mainly based on young, healthy individuals, excluding both elderly and frail individuals.
The finding of altered concentrations of a biomarker, may be achieved by comparing with previously observed values, or with a set of appropriate group-based reference values 8, 9 . attempts has as yet resulted in the routine use of specific reference intervals for the elderly for the most common biomarkers.
The aim of the present study was to establish whether current reference intervals for immune parameters (immunoglobulin A (IgA), IgG, IgM, complement factor 3 (C3), C4) and chemical biomarkers (ALT, albumin, AST, creatinine, γ-GT, lactate dehydrogenase (LDH), Na, phosphate and urea) are valid for older frail individuals.
Materials and methods

Study population
Individuals included in another study 25 , 237 nursing home residents (NHR), were invited to participate in the present study. Of them 138 were 80 years and older, in the text called NHR, gave informed consent for blood sampling and were included in the present study. All of them needed daily care and support, assessed with the ADL (activities of daily living) Staircase, based on Katz ADL index {Takata, 2013 #23} (32) . They all lived in special housing for elderly. Mean age was 86.8 years, 66% were women and about 22% had multiple disease conditions. Chronic obstructive pulmonary disease (COPD) was more frequent in men and dependency in ADL higher in women (P < 0.05 respectively) ( Table 1 ). Almost half of the NHR received paracetamol > 3 g /day and 15% was malnourished 33 . Only nine (7%) of 138, although aged, were assessed as "healthy", in terms of free from heart disease, autoimmune disease, dementia, stroke, diabetes mellitus type 2, malnutrition or receiving paracetamol. All the included (n= 138) belong to frail elderly, as defined by Ernsth-Bravell et. al. 34 .
Venous blood was collected in EDTA tubes, in the morning 8-11 a.m., centrifuged, and frozen at -70C until analysed. Analytes studied were dependent on being suitable for EDTA. Table 2 . Table 2 The Nordic reference interval project (NORIP)
From the NORIP project the total database has been used with original data, i.e. NORIP raw origin. The total population included 2777 individuals, 18 -90 years, mean 46.6 and 53%
were women 35 . Since only 64 individuals (2.3%) 80 years and older were included, i.e.
NORIP raw origin 80, comparisons with NHR have been done both with NORIP raw origin and NORIP raw origin 80. Inclusion criteria were subjectively healthy, > 18 years, not pregnant or breastfeeding, not submitted to hospital nor seriously ill during the past month, not consuming > 24 g pure alcohol during the last 24 h, no prescribed drugs other than oral contraceptives or oestrogen during the past 2 weeks, no smoking during the hour before blood sampling. Venous blood was collected in the morning, centrifuged, and frozen at -80C until analysed with routine methods at the 102 participating laboratories 35 . The samples were analyzed intermingled with internal quality control samples in order to minimize betweenlaboratories bias. For statistical comparison all available data from NORIP were used. In Table 3 reference intervals proposed by NORIP are presented. 
Ethics
All the participants or the next of kin gave both oral and written informed consent. The
Ethics Committee of the Faculty of Health Sciences, Linköping University (Dnr: 99017) and the health service directors of community care approved the study.
Results
Comparison between NHR and reference populations
No differences in mean levels of IgA were found between NHR and blood donors. IgG mean was higher in NHR, 11.4 g/L compared to blood donors, 10.7 g/L (p<0.05, Figure 1a ). For IgM a lower mean level was found in NHR, 1.00g/L compared to blood donors, 1.75 g/L, (p<0.001, Figure 1b ). Both C3 and C4 mean levels were higher in NHR, 1.42 g/L and 0.38 g/L, respectively, compared to the blood donors, 0.66 g/L and 0.23 g/L (p<0.001, Figure 1c and d).
Figure 1
The distribution of AST, γ-GT and LDH did not show any differences in mean levels between NHR and NORIP raw origin or NORIP raw origin 80. 
Figure 2 Comparison between subgroups within the NHR
The distribution of IgA, AST, γ-GT, LDH, Na and Phosphate did not show any differences in mean levels between NHR with or without medication with antidepressants or paracetamol, malnutrition, physical and cognitive status or the presence of heart disease, autoimmune disease or COPD (Table 4 ).
Significant decreased IgG was found for NHR with daily medication with paracetamol, while IgM was decreased in association with malnutrition, autoimmune disease and COPD.
Significant higher C3 and C4 occurred in NHR with daily medication with paracetamol and at ADL > 5. Albumin was significantly lower in NHR using antidepressants, with malnutrition, dementia or ADL > 5. ALT levels were significantly higher in case of daily paracetamol treatment. Increased levels of urea and creatinine occurred in the presence of heart disease, while urea was decreased in the presence of autoimmune disease.
The nine NHR individuals that were free from disease (heart or autoimmune disease, dementia, stroke, diabetes mellitus type 2, malnutrition) and did not receive paracetamol, showed no differences in levels of biomarkers, compared with the rest of NHR.
Table 4
Discussion
The results clearly show that there are significant differences in levels of some of the investigated chemical biomarkers in the NHR, compared to the current reference intervals.
This could result in misleading or even dangerous assessments, since normal conditions may appear pathological, or the contrary, and thus lead to unnecessary treatment. As an example, an increase in IgG, IgM, C3 and C4 in frail elderly indicate an activated immune system, which may be a part of a chronic low-grade inflammation 26, 27 . As it is known that levels of interleukin 1 and 6 increase with ageing, and they in turn induce acute phase protein, these results seem reasonable 27 . In the present results, paracetamol was related to lower IgG levels in the NHR, which may not be discovered. However, our results are consistent with Lock 29 , who reported decreased levels of IgM in the elderly 29 . Another example of potential misinterpretations is that higher C3/C4 levels in the elderly could mask a consumption of complement as in glomerulonephritis. It seems like the most differences between NHR and the reference population for chemical biomarkers depends on the existence of disease.
Differences in mean for ALT, albumin, creatinine, urea and sodium occurred between NHR and NORIP raw origin as well as between NHR and NORIP raw origin 80. For phosphate difference in mean occurred between NHR compared to NORIP raw origin, but not compared to NORIP raw origin 80. Levels of phosphate, however, seem to be affected by different conditions, even if no specific disease gave rise to significant differences (Table 4) . As liver disease cause a rise in plasma of ALT, such condition might be missed in frail elderly individual. Furthermore in NHR using paracetamol every day, an overdose of paracetamol or high alcoholic consumption may not be discovered, as the ALT seems to be within current reference interval. In line with other studies 28, 31 , we also noted that NHR individuals had deceased phosphate levels compared with younger individuals. Kidney insufficiency in elderly individuals with diabetes might not be discovered, as a high level of phosphate in plasma is interpreted as within current reference values. This is also significant when assessing the renal function in order to decide correct dosage of renal eliminated drugs 19 .
Decline in kidney function with age is probably the reason why NHR in our study, in line with others 1, 28 , had a wider range than the values of NORIP raw origin for sodium. However, this change does not appear to be of clinical relevance. Like others 1, 28 we found decreased levels of albumin for the NHR. This is probably due to a decline in organ functions and inflammatory processes 35 . Thus, low values of albumin may not to be reliable as an indicator of malnutrition in frail elderly. We found increased urea in NHR, as others 1, 28 , which may be a natural part of the ageing process. However, as a consequence conditions with increased diuresis due to high water and/or low supply of amino acids could be missed. 
